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ABST RACT
The aim of this study was to identify potentially toxic contaminants in milk
powder. Powdered milk contains a range of toxic and non-toxic substances
that are present in a wide variety, also having very different origins. A
number of seven milk powder samples from different producers sold on
the Romanian market were analyzed, the samples that were collected from
the original packaging: P1, P 2, P3, P4, P5, P6 and P7. The concentration
of the following elements was analyzed using the X-ray (XRF)
fluorescence method: potassium (K), chlorine (Cl), calcium (Ca),
phosphorus (P) and aluminum (Al). The vast majority of the samples
showed the levels of elements K, Ca, Cl, Al, P well above the maximum
allowable limit (AML). In a single test, the elements potassium, calcium,
chlorine, phosphorus showed levels below the maximum allowable limit,
but the level of aluminum was much above. The experimental results
showed that the market sells assortments of milk powder that exceed
concentrations above the maximum limits established by the legislation in
force for some constituent elements. Concentrations of constituent
elements are not always specified on food labels, and if this information
appears, they are not always the correct values.

Introduction
Milk and its derivatives have been the main food in
human nutrition since ancient times. They are some of the
most important products of animal origin, considered
strategic products because they are complete foods, easily
assimilated, with great nutritional value and antitoxic role
[1-3].
Powdered milk is the main form of preserving milk,
which has a significantly important role in human diet, due
to its long preservation, removing the shortcomings of
liquid milk which are very easily alterable. For newborns,
powdered milk is the ideal food. Specialists recommend
that, in the first four to six months of life, the baby's diet be
exclusively natural, represented by breast milk. However,
there are situations when this is not possible, and then
mixed feeding (breast milk supplemented with powdered
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milk) or artificial feeding (powdered milk exclusively) are
suggested. Powdered milk also contributes nutritionally,
functionally and economically to a variety of food formulas
that include pastries, confectionery, dairy, recombinant
milk, meat, energy drinks and prepared foods [4-6].
Powdered milk is a dry product obtained by
dehydration, with a high content of dry matter (about 97%),
which gives it a high shelf life. Powdered milk
manufacturing technology consists of three main phases:
preliminary treatment, concentration and drying [4,6].
Powdered milk is a source of high-quality protein with high
bioavailability of amino acids [7]. Powdered milk contains
many soluble vitamins and minerals, including calcium,
phosphorus and magnesium and can be used to fortify a
wide range of foods especially due to its high calcium
content [8]. Calcium plays an important role in maintaining
bone health and preventing osteoporosis. Calcium is also
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crucial for nerve conditions, muscle contraction, heart rate,
blood clotting, energy production and immune system
maintenance [9-13].
Powdered milk may contain food additives such as
stabilizers, emulsifiers and anti-caking agents. A good
quality milk powder must have the following characteristics:
easy reconstitution (homogeneous liquid) when dissolved in
water without macroscopic particles, must be free of
abnormal tastes and odors, must not contain pathogenic
germs (Salmonella, Staphylococcus, etc.), must not contain
antibiotics, must not contain various residues, which come
from the production, harvesting and preservation of milk as
a raw material, must not show changes in structure and
physical-chemical composition, which reduce the nutritional
value and technological processing skills [14-16].
Although powdered milk is a type of food with a high
nutritional value, concentrated in a small volume, with a
long storage capacity, it is not always free of physical,
chemical and/ or microbiological toxins, which pose risks
for the health of the consumers, thus requiring different
improvements. The technological flow of processing by
introducing new modern equipment as well as applying the
procedures of the food safety system is common. Powdered
milk can be contaminated with heavy metals during
processing (from machines), as well as during storage,
transportation and some packaging procedures. However,
the highest risk is the quality of the milk used as a raw
material. The degree of toxicity depends on the nature of
the metal, its solubility and its compounds, the cumulative
effect of some metals in some tissues, the degree of
electrolyte imbalance produced in the body, the dose of the
metal and its duration of action [17-19].
The use of modern methods for determining toxic
metals has allowed their detection in most foods,
establishing a close correlation between environmental
pollution and the presence of heavy metals in food [20,21].
Milk and dairy products contain a range of toxic and nontoxic metals that are present in a wide variety, also having
very different origins, including grazing cows on land that
contains high levels of certain metals or it is contaminated
by industrial or human activities. The main elements that are
involved in altering the safety of the elements are: arsenic,
cadmium, lead and mercury, sometimes copper, iron,
selenium and zinc which are considered normal in milk and
dairy products at certain concentrations, but which can cause
technological problems at high concentrations [22-25].
Powdered milk is a major source of essential metals and any
changes in the concentration of these elements in milk can
lead to nutritional problems [26,27].
The present study, regarding the identification of
contaminants with toxic potential in milk powder, was
conducted on a number of seven milk powder samples
from different producers sold on the Romanian market,
samples that were collected from the original packaging:
P1, P 2, P3, P4, P5, P6 and P7. Samples P2 and P6 are used
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in the diet of newborns, and the others are used in the
nutrition of adults.

Materials and Methods
The X-ray fluorescence (XRF) method was used to
determine some of the samples in the study. The quantitative
analysis performed through the X-ray fluorescence (XRF)
method was performed using an ED-XRF spectrometer
ARL QUANT´X (Thermo Scientific). The software
UniQuant 4 (Thermo Scientific) allows quantitative analysis
without the use of standard or calibration curves when the
sample matrix is known (for example: protein, water, metals/
alloys, wood, etc.). If the sample matrix is not provided in
the program database, the only analytic solution is to use
standard and calibration curves. The detection limit of the
device depends on the atmosphere in which the sample is
operated, which can be helium, vacuum or air.
In the present study, the samples were analyzed in
vacuum. In this situation, the detection limit is 5 ppm. In
order to identify elements below 5 ppm, it is necessary to
approach another method, such as inductively coupled
plasma spectroscopy (ICPS) or atomic absorption
spectrometry. XRF spectroscopy is widely used for the
analysis of elements, both qualitatively and quantitatively,
environmental, geological, biological, industrial and other
samples. Compared to other competitive techniques, such as
atomic absorption spectroscopy (AAS) or inductively
coupled plasma spectroscopy (ICPS), XRF has the
advantage of being non-destructive, multi-element based,
fast and efficient. In addition, it has a uniform detection limit
for a large part of the periodic table and it is applied to a wide
range of concentrations, from 100% to several parts per
million (ppm). Its main disadvantage is that the assays are
generally limited to elements heavier than fluorine [28,29].
The samples were analyzed in their raw state without
chemical preparation, considering the matrix as a protein
mixture, the same matrix provided in the program software.
The water concentration was not taken into account.
Sample preparation: after calcination, the samples were
homogenized by trituration with 0.5 g of graphite and then
analyzed through X-ray fluorescence. Triplicate
determinations were performed for each sample. The results
are expressed as mean ± S.D (standard deviation) of
triplicate analysis. For each element four standards were
used: Standard 1:10 ppm, Standard 2: 500 ppm, Standard 3:
1 %, Standard 4: 10%.

Results
The concentration of the following elements was
analyzed: potassium (K), chlorine (Cl), calcium (Ca),
phosphorus (P) and aluminum (Al).
The characteristics of the milk powder samples studied
according to the nutritional information submitted by the
producers are presented in Table 1.
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Table 1. Characteristics of the analyzed milk powder samples
Sample

Characteristics according to the nutritional information presented on the packaging

P1

Whole milk powder with 26% fat, dry matter min. 96.5%.

P2

Ingredients: whole milk powder (75%), sugar (25%), emulsifier (soy lecithin), vitamins A, C, D

P3

Instant milk powder with 26% fat, treated at ultra high temperatures (UHT).

P4

Whole milk powder with 26% fat, dry matter min. 96%.

P5

Skimmed milk powder with prebiotics, a selection of oligosaccharides. Ingredients: vegetable oils,
skimmed milk powder (32%), corn syrup, lactose, demineralized whey powder (7.7%), galactooligosaccharides (4.4%), calcium citrate, soy lecithin, oligofructose (0.3%), sodium chloride, vitamin C,
zinc sulfate, ferrous sulfate, nicotinamide (vitamin PP), vitamin E, vitamin B6, vitamin Bl, vitamin B2,
folic acid, potassium iodide, vitamin Kl, biotin, vitamin D3, sodium selenite, vitamin B12.

P6

Instant milk powder with 26% fat, treated at an ultra high temperature (UHT)

P7

Whole milk powder with 26% fat, dry matter min. 96%.

The level of the elements determined in the analyzed milk powder samples are shown in Table 2.
Table 2. Concentrations of the analyzed elements in powdered milk samples
K

Ca

Cl

Al

P

ppm

ppm

ppm

ppm

ppm

P1

4,450± 22.34

3,900 ±19.21

3,900± 19.25

3,240± 16.26

2,540± 13.03

P2

4,590± 23.11

4,160± 21.32

3,970± 20.32

3,450± 20.22

2,490± 12.16

P3

8,670± 43.33

6,470± 39.26

7,810± 32.23

4,430± 26.38

5,220± 22.25

P4

8,720± 43.24

7,070± 35.08

6,420± 32.28

4,950± 25.23

4,190± 21.36

P5

7,590± 38.45

5,410± 32.15

6,400± 27.37

4,500± 27.14

3,890± 22.17

P6

7,690± 38.14

6,150± 31.18

5,700± 28.11

3,090± 15.49

2,880± 14.41

P7

1,730± 9.18

1,150± 6.15

1,470± 7.48

4,070± 20.28

756± 38.24

Medium value

6,205.71

4,901.43

5,095.71

3,961.43

3,138

Maximum value

8,720

7,070

7,810

4,950

5,220

Minimum value

1,730

1,150

1,470

3,090

756

AML

3,500

2,500

3,400

867

1,000

Element/ Sample

Concentrations were obtained as a protein mixture, but
for which the mass ratio of hydrogen was not taken into
account. In all analyzed samples, the average of the
contaminant values far exceeds the AML (maximum
allowable limit) for each element [30]. Respectively, the
maximum values obtained not only exceed the maximum
allowable limit of these elements, but they are also three or
four times higher.
Powdered milk is rich in potassium, present in large
quantities in all analyzed samples (Figure 1). The presence
of potassium in the body highlights the many properties of

this mineral element, namely: it ensures the functioning of
osmotic pressure, it contributes to maintaining the acidbase balance of cells, revitalizing the body, thus
maintaining its health, it increases diuresis and the
elimination process of sodium, it promotes neuromuscular
excitability, it has a plastic role, intervening in permeability
processes, in carbohydrate metabolism, it is a cardiac tonic,
stimulator of bowel movements, it contributes to the proper
functioning of the adrenal glands, the elimination of
organic waste and it ensures the water balance in the body
[31-33].
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Potassium toxicity is highlighted if administered more
than 18g daily. Excess potassium can cause muscle fatigue,
arrhythmias, spasmophilia, tetany and possibly cardiac
arrest. Increasing the daily potassium intake in the presence
of a high-salt diet can help decrease calcium excretion [34].
In Figure 1, it can be easily seen that the maximum limit
of potassium value, which was recorded according to this
study, is present in sample P4. Both sample P4 and samples
P3, P5 and P6 show values of the potassium element two
times higher than the AML of 3,500 ppm.
Sample P7 is the only sample with a potassium level of
1,730 ppm, which places it below the maximum limit
allowed by the legislation in force for this element from the
point of view of this indicator.

from the laboratory analysis does not coincide with the one
displayed on the package, the latter being 2,187 ppm.
Sample P6, with a concentration of 6,150 ppm Ca, has a
level almost twice higher than the AML for calcium.
Sample P1 and sample P2 show calcium levels closer
to the maximum allowable limit compared to samples P3
and P4.

Figure 3. Chlorine level (Cl) in powdered milk
samples

Figure 1. Potassium level (K) in powdered milk
samples
The essential supplier of calcium for the children's body
is milk and its derivatives, only 100 g of skimmed milk
powder contains 1,300 mg of calcium. The currently
available data support the recommendations for a daily
intake of calcium between 1,200 and 1,500 mg for this
category [35-38].
Figure 2 graphically shows the level of calcium in the
seven milk powder samples, a level that exceeds the
maximum allowable limit of 2,500 ppm in the first six
samples.

In the Figure 3, the highest chlorine values can be
observed in samples P3, P4, P5, P6.
Sample P1 and sample P2 have chlorine levels close to
the maximum allowable limit of 3,400 ppm. Sample P3
shows the highest chlorine level, more than twice the
maximum allowable limit of 3,400 ppm. Samples P4 and
sample P5 have chlorine levels close to the value obtained
for chlorine in sample P6.
Sample P6, with a chlorine value of 5,700 ppm, exceeds
the maximum allowable limit by 2,300 ppm. Sample P7
shows a chlorine level of 1,470 ppm, below the AML.
Sample P5 is the only one that had displayed the presence
of chlorine in the milk powder content on the packaging, in
the ingredients, namely in 350 mg of milk powder there are
1,575 ppm chlorine, a value way below the one resulting
from laboratory tests.
Aluminum can also be derived from aluminum and
potassium silicate (E 555) and calcium and aluminum
silicate (E 556), additives used by milk powder producers
with the intention of "enriching" the quality of milk
powder, which actually might trigger or worsen the
evolution of Alzheimer's disease.

Figure 2. Calcium (Ca) level in powdered milk
samples
Of the seven samples, P3 and P4 had a high Ca content,
almost triple than that of AML.
Sample P7 had a lower Ca value than the other samples,
below the maximum allowable limit of 2,500 ppm. For
sample P5, the calcium value per 100 mg of milk powder
displayed on the package was 5,140 ppm, twice as much as
the maximum allowable limit. Also, the value resulting
240

Figure 4. Aluminum (Al) level in powdered milk
samples
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Figure 4 shows how the level of aluminum in all
powdered milk analyzed samples far exceeds the
maximum allowable limit.
From the samples subjected to laboratory analysis,
samples P3, P4 and P5 have the highest level of aluminum,
respectively 4,430 ppm, 4,950 ppm, 4,500 ppm, values
almost six times higher than the AML.
The value of aluminum in sample P1, close to that in
sample P6, is more than three times higher than the AML.
The level of aluminum in sample P2 is four times higher
than the AML, and that in sample P7 is almost five times
higher. Sample P6 shows the lowest level of aluminum in
all seven samples, but with a value above the AML.
The values revealing the presence of aluminum in the
milk powder content were not displayed on any of the
samples.

Figure 5. Phosphorus level (P) in powdered milk
samples
Figure 5 shows a very high level of phosphorus in
sample P3, a value more than five times higher than the
maximum allowable limit.
At a difference of 1,030 ppm from sample P3, there is
the phosphorus level in sample P4. A phosphorus
concentration (3,890 ppm) close to that in sample P4 is also
found in sample P5. Samples P3, P4, P5 have the highest
values of phosphorus, exceeding the AML.
The phosphorus level in sample P6 is almost three times
the maximum allowable limit. Sample P7 shows a lower
value, of 756 ppm, below the AML of 1,000 ppm. Of the
seven samples, sample P5 is the only one that has the same
amount of phosphorus per 100 g of powdered milk and
prepared milk as the one displayed on the package,
obviously this time the values found exceed the declared
value.

Discussions
With the exception of the aluminum level exceeding the
maximum allowable limit of 867 ppm in all seven analyzed
samples, the minimum levels of the other elements are
below the maximum allowable limits.
In the case of sample P7, except for the aluminum
element whose value exceeds the AML, it is the only one

that shows levels for K, Ca, Cl, P below the AML (Table
1).
The highest levels for K, Ca and Al are found in sample
P4. The highest levels for Cl and P are found in sample P3.
Sample P7 represents the lowest powdered milk for the
elements: K, Ca, Cl, P. Compared to the other samples,
sample P1 and sample P2 show levels that fall within the
average concentration recorded for these elements.
The levels of the five elements present in samples P5
and P6 are close to the values in sample P4, and in the case
of samples P3 and P4, all five investigated elements
showed increased values.
Of the seven analyzed samples, the only one that has
the presence of potassium on the package is sample 5: 350
g of powder contains 2,030 ppm of potassium, a value
much lower than that determined through laboratory
analysis (7,590 ppm).
Potassium can be present in milk powder and in the
form of aluminum and potassium silicate (E 555),
potassium phosphate (E 340), potassium iodide, potassium
chloride (which is known to cause gastric ulceration in
large quantities).
During childhood and adolescence, the body uses
mineral calcium to build strong bones, a process that ends
after ten years. Calcium in the bones begins to decline in
youth and even more begins to decline in old age,
especially in women. Young people, especially girls,
whose diets do not contain nutrients to strengthen their
bones, are at a higher risk of developing osteoporosis, a
bone disease that increases the risk of fractures. Younger
children and babies with insufficient calcium and vitamin
D (which helps the absorption of calcium) are at risk for
rickets. Rickets is a disease that softens bones and can
cause crooked legs, slow growth and sometimes cause
muscle aches and weakness. Calcium plays an important
role in muscle contraction, transmitting messages through
nerves and releasing hormones. If the level of calcium in
the blood is low (due to insufficient food intake), calcium
will mobilize from the bones to ensure the proper
functioning of the cells. Both insufficiency and excess are
detrimental to the body's acid-base balance, deficiencies
manifested through hypercalcemia and other diseases [3941].
Chlorine is indicated in physical fatigue, anorexia, mild
forms
of
diabetes,
hypercholesterolemia,
and
atherosclerosis, as well as in gout (as a cure with
chlorinated mineral waters), in regulating bowel
movements and stimulating digestion. Excess chlorine
causes: gastric hyperacidity, destruction of intestinal
microflora, hypertension. By inhibiting the useful
microflora, a series of disorders that lead to avitaminosis
(many vitamins are synthesized in the large intestine) and
constipation occur. Overloading the body with chlorine has
harmful and irritating effects on the kidneys [42-44].
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The daily requirement of chlorine is 2-3 grams for
adults, which corresponds to 3-5 grams of salt, a chemical
composed of 61% chlorine and 39% sodium [45].
The presence of chlorine in the analyzed powdered
milk samples is justified by the addition of a certain amount
of table salt to the formula in the form of sodium chloride.
Sodium in the salt composition can only be calculated in a
helium atmosphere, on "pastillate" samples, which is why
it could not be identified in the case of powder samples.
Moreover, from the high values, far above the AML,
we could deduce that the dishes, the appliances used in the
powdered milk technology were not properly disinfected,
washed with detergents that have the element chlorine in
their composition.
At the European level, aluminum has been reported to be
present excessively in the diet. This element is everywhere,
in the air, water, soil, and in certain quantities is not harmful
to the body. However, lately, the products we consume, from
food to medicine, water and even the surrounding objects,
put us in contact with an overdose of this toxic metal. The
effects are among the most devastating: disorders of the
nervous system, including Alzheimer's. A higher amount of
aluminum in the body leads to intoxications that are
manifested through headaches, nausea, vomiting. However,
chronicity is even more harmful, and when specific
manifestations occur, it may be too late. The most exposed
are mainly children, pregnant women, patients with kidney
disorders and the elderly. Aluminum is found in relatively
small amounts in powdered milk, but the body retains a little
each time [46,47].
Aluminum can reach milk powder through the
packaging that is made of this element. It is also possible
to use containers made of this material during the
technological process of milk powder production.
Phosphorus is a macronutrient having the following
properties: it controls the balance of calcium as well as
acid-base, it enters many combinations with proteins, lipids
and carbohydrates, it enters the constitution of bones, teeth
and blood, it has a special importance in the production of
the nervous, intellectual and sexual energy, regulating the
heartbeat and helping the normal functioning of the
kidneys [48,49].
Excess phosphorus has a direct effect on calcium,
which is eliminated from the bones into the blood. This loss
of calcium is at the origin of bone and dental fragility, the
bones becoming more sensitive to fractures and
osteoporosis. Excess phosphorus can cause low serum
calcium concentration levels [50,51].
The daily requirement of phosphorus for adults is 1-2
grams, approximately equal to or slightly higher than the
need for calcium, except for children, who require a
calcium intake 20% higher than that of phosphorus.
Pregnant women, as well as those who are breastfeeding,
need 5 grams of phosphorus per day. Phosphorus poisoning
242

is combated by increasing the intake of magnesium and
potassium, antagonists of phosphorus, along with iron and
aluminum in large quantities [52].

Conclusions
A number of seven milk powder samples from different
producers sold on the Romanian market were analyzed.
Following the analyses performed, deviations of the
concentrations of some constituent elements were found
compared to the norms in force or to the product
specifications for: potassium, calcium, chlorine, aluminum
and phosphorus. In a single test, the elements potassium,
calcium, chlorine, phosphorus showed levels below the
maximum allowable limit. The most majority of samples
analyzed had levels of elements K, Ca, Cl, Al, P well above
the AML. The maximum level of potassium is more than
twice the maximum allowable limit, which is found in four
of the seven analyzed milk powder samples. Six of the
samples exceeded the maximum allowable limit for
calcium, of 2,500 ppm, of which four samples had a double
calcium content, compared to the AML. The maximum
allowable limit for chlorine is exceeded for six samples and
even twice as high for sample P3. The level of aluminum
resulting from laboratory analyses, in all milk powder
samples, exceeds the AML, the maximum level obtained
being almost six times above the maximum allowable
limit, and the minimum level obtained was three times
above the maximum allowable limit. The maximum
phosphorus concentration (5,220 ppm) recorded in a single
sample exceeds the maximum allowable limit five times.
In general, the packaging does not show details about the
powdered milk content, about the existence of the elements
found through laboratory analysis.
The concentrations of constituents are not always
specified on food labels, and if this information appears,
they are not always the correct values, probably because
the intake of food additives is not taken into account. Many
potentially toxic elements can come from additives
introduced by milk powder producers with the intention of
"enriching" the quality of milk powder: aluminum from
aluminum and potassium silicate (E 555), aluminum and
calcium silicate (E 556), etc.
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